We examine rationality, forecasting accuracy, and economic value of the survey-based exchange rate forecasts for 10 developed and 23 developing countries at the 3-, 12-, and 24-month horizons. Using the data from two surveys for the period from 2004 to 2012, we find strong evidence that the forecasts for developing countries are biased at all forecast horizons. For developed countries, forecasts are strongly biased at the 3-month horizon, the bias decreases at the 12-month horizon, and increases again at the 24month horizon. Based on the magnitude of the forecast errors and the direction of change, long-term forecasts are more accurate than short-term forecasts. Economic evaluation of the forecasts indicates that the forecasters are successful at generating positive economic profits, and economic gains of the forecasts for developed countries improve with the forecast horizon. JEL Classifications: C53, F31, F47, G15
Introduction
Exchange rate expectations play an important role in the literature on exchange rate determination. Understanding how exchange rate expectations are formed is crucial both for academic analysis and for the decision-making of practitioners and policymakers. Models of exchange rate determination in open-economy macroeconomics often rely on the assumption of the rationality of expectations. 1 In the absence of survey-based expectations, it is practically impossible to test the implications of theoretical exchange rate models, without running into a problem of joint hypothesis testing. For example, the uncovered interest parity (UIP), the condition that the expected exchange rate depreciation must equal the interest rate differential between the two countries, is typically tested assuming rational expectations. Thus, it is impossible to unravel whether the empirical failure of the uncovered interest parity condition is associated with irrational expectations or the existence of risk premium. Testing the rationality of market expectations helps to assess the validity of the rational expectations hypothesis and accurately interpret empirical results in similar studies. In addition, it has been shown that the rationality assumption can have serious implications for evaluating the effectiveness of macroeconomic policies.
While the forecasts of macroeconomic variables have been studied for at least sixty years, the literature on survey-based exchange rate expectations goes back only to the late 1980s. Limited data availability and proprietary nature of the data are mainly responsible for the short history of research on professional exchange rate forecasts. Following Dominguez (1986) and Frankel and Froot (1987) , other studies have examined the nature of exchange rate expectations using survey data. Jongen et al. (2008) highlight five main issues in the foreign exchange literature where the role of exchange rate expectations is emphasized: the forward discount puzzle, rationality of expectations, time-varying risk premium, heterogeneity of expectations, and forecasting accuracy of professional forecasters. In this paper, we focus our analysis on the rationality, predictive accuracy, and economic evaluation of survey-based exchange rate forecasts.
The rationality of exchange rate expectations is typically tested empirically by verifying whether the unbiasedness and orthogonality conditions are met. 2 Overall, previous studies tend to 1 Engel (1996) and Lewis (1995) survey the literature on studies that examine puzzles in foreign exchange rate markets assuming rational expectations. 2 Pesaran (1987) specifies four conditions of rationality: unbiasedness, orthogonality of the forecast errors to variables in the information set available to market participants, serial correlation in the forecast errors only up to order h-1, and orthogonality of the forecast errors to past variables that are expected to form the expectations. We focus on the former two conditions, which are conventionally tested in the literature. Since we use aggregate forecasts, we cannot test the find evidence of irrationality and no predictive ability of professional exchange rate forecasts. For example, Dominguez (1986) , Frankel and Froot (1987) , Avraham et al. (1987) , Cavaglia et al. (1993) , Chinn and Frankel (1994) , MacDonald and Marsh (1994) , and more recently Cavusoglu and Neveu (2015) test whether survey-based exchange rate expectations are biased in a regression of the actual depreciation on the expected depreciation. In a review article, Jongen et al. (2008) conclude that the hypothesis of unbiasedness is rejected "for nearly all currencies and forecast horizons". Takagi (1991) , MacDonald (2000) , and Jongen et al. (2008) summarize the literature on survey-based expectations and conclude that exchange rate expectations are not rational and have low forecasting ability.
Previous studies on the rationality of exchange rate expectations, except Frankel and Chinn (1993) and Frankel (1994, 2002) , focus exclusively on developed countries' forecasts. Frankel and Chinn (1993) use 3-and 12-month ahead forecasts from Currency Forecasters' Digest for 17 countries (15 of which are developed) to study the relative role of time-varying risk premium and rational expectations for the forward discount bias. Frankel (1994, 2002 ) study survey-based expectations for a set of 24 countries (that includes 14 advanced economies) at the same forecast horizons as Frankel and Chinn (1993) , and find less bias for minor currencies than for major currencies. 3 There are three main differences between our approach to testing for rationality of exchange rate expectations and that of the earlier studies. First, we substantially expand the list of emerging economies and include 23 emerging countries in addition to 10 developed countries, in order to identify new patterns in the behavior of exchange rate forecasts for the two groups of countries that have considerable volatility differences. Another notable difference is that we include the Euro/U.S. dollar forecasts instead of focusing on the European Monetary System (EMS) countries. Second, in addition to Currency Forecasters' Digest, currently known as FX4Casts, we analyze survey-based expectations for the same 33 countries from Consensus serial correlation condition because we are unable to control for heterogeneity across forecasters, which might introduce serial correlation in the forecast errors. The last condition requires the knowledge of the information set of survey participants, which we do not have. 3 Frankel and Poonawala (2010) replace exchange rate expectations with realized exchange rates for 21 developed and 14 developing countries from 1996 to 2004 and confirm that the forward rate is a less biased predictor of the future exchange rate in emerging market currencies than in advanced economies. Bansal and Dahlquist (2000) find that the uncovered interest parity puzzle is limited only to developed countries and to the situations where the interest rate differential is positive.
Economics dataset. Using this dataset allows us to compare the nature of both sets of forecasts that survey different groups of respondents. Third, we estimate the regressions for 3-, 12-, and 24month ahead forecasts country-by-country instead of pooling forecasts across a diverse group of countries as in many earlier studies. We focus on the period between January 2004 and December 2012. This is the longest available sample period for all currencies and all forecast horizons in both datasets, which allows us to achieve comparability of the results between different forecast horizons, different currencies, and the two data providers. 4 The two datasets are different in their samples of respondents. While Consensus Economics surveys a wider sample of respondents that includes investment banks, large non-financial enterprises, consulting firms, and university economists, FX4Casts sample includes only large financial institutions that might have stronger incentives to provide accurate forecasts and, thus, could provide a superior representation of the behavior of market participants.
In order to assess the rationality of exchange rate expectations, we use conventional tests for unbiasedness and orthogonality. Overall, we find the evidence that the null of unbiasedness is strongly rejected at all three forecast horizons for developing countries. For developed countries, we find that the forecast bias has a non-linear relationship with the forecast horizon. Survey forecasts for developed countries are strongly biased at the 3-month horizon, then the bias decreases at the 12-month horizon, and increases again at the 24-month horizon. Cavusoglu and Neveu (2015) consider 5 major currencies in FX4Casts and find that the forecasts mostly appear to be unbiased in the long run, but are biased in the short-run. Our results confirm their findings in the short run, but also show that forecast bias increases substantially at longer forecast horizons.
We also test for the orthogonality of forecast errors using 2 different criteria, to analyze the efficiency of exchange rate forecasts. Orthogonality tests reveal that professional forecasters in FX4Casts are very efficient at the short forecast horizon. As the horizon increases to 12 months, the forecast efficiency is strongly rejected for developed countries, while the forecasts for developing countries are relatively more efficient.
After testing the rationality of survey-based forecasts, we evaluate the forecasting performance of professional forecasters. This is the first paper that studies the predictive accuracy of survey-based exchange rate expectations for developing and advanced countries. Those few studies that assess the accuracy of professional exchange rate forecasts, in general, find no 4 The results using the longest sample period for each individual country are available from the authors upon request. evidence that the expectations can outperform the random walk, or a naïve no-change forecast. For example, MacDonald and Marsh (1994, 1996) calculate the root mean squared errors (RMSEs) for 30 individual forecasters of the British pound, the Deutsche mark, and the Japanese yen vis-a-vis the U.S. dollar for the period 1989-1991 and find that only 2 out of 30 forecasters outperform the random walk. Mitchell and Pearce (2007) confirm this finding for the WSJ forecasts of the Yen/U.S. dollar exchange rate.
We apply two statistical evaluation methods to assess the forecasting ability of surveybased exchange rate forecasts at different forecast horizons for the two groups of countries. The first approach is based on the differences between the mean squared prediction errors (MSPEs) of the forecasts and the random walk, and the second is focused on the direction-of-change comparison, where the forecasts are evaluated based on their ability to correctly predict the direction of the exchange rate movements. Since developing countries are more likely to suffer from short spells of high inflation and interest rates, political instabilities, and capital flights, their currencies are prone to sudden changes in one direction. As a result, it might be easier for professional forecasters to predict the direction of exchange rate change for developing than for developed countries. 5 We use the Diebold and Mariano (1995) and West (1996) tests (henceforth, DMW tests) for equal forecasting ability of survey forecasts and the random walk without drift to examine the predictive accuracy of exchange rate forecasts based on the MSPE comparisons. 6 In addition to the MSPE-based tests, we use Pesaran and Timmerman (1992) test for the directional forecast accuracy to evaluate the ability of the forecasters to correctly predict the direction of exchange rate movements. The advantage of using the direction of change tests is that they do not impose any restrictions on the functional form of the forecasting model and allow for non-linearities. 7 The results of the forecasting accuracy tests indicate that the performance of survey-based forecasts improves with the forecast horizon for both groups of countries. While the evidence of forecasting ability is poor at the 3-month horizon, it improves significantly at the 12 and 24-month horizons for both groups of countries. 5 Since a random walk forecast is a no-change forecast, sudden movements in the exchange rates increase the prediction error of the random walk and lead to more rejections of the null of equal forecasting ability. 6 Since Meese and Rogoff (1983) , evaluating exchange rate forecasts relative to the random walk benchmark has become a standard in the literature. We choose a more conservative benchmark of a random walk without drift that is more difficult to outperform, in order to reduce the possibility of finding spurious evidence of forecasting power. 7 See for example, Keane and Runkle (1990) and Bonham and Cohen (2001) .
Finally, we assess the economic value of the survey forecasts based on the Directional Value statistic developed by Blaskowitz and Herwartz (2011) and the Sharpe ratio. Economic evaluation of the forecasts provides information on whether the forecasters are successful at generating positive economic gains. The Directional Value statistic allows us to take into account both the directional and predictive accuracy to evaluate the economic gains of the forecasts, while the Sharpe Ratio calculates the risk-adjusted excess returns. Overall, the results indicates that the forecasters are successful at generating positive economic profits. The mean Directional Value statistic is larger for developing than for developed countries at all forecast horizons. Similar to the evidence of forecasting accuracy, both economic value statistics for developed countries increase on average with the forecast horizon. Overall, the survey-based forecasts are more successful based on the economic evaluation than the statistical evaluation of their performance.
Survey Data
We use the data on professional exchange rate forecasts from two data sources: FX4Casts, which was previously known as The Financial Times Currency Forecaster and Currency Forecasters' Digest, and Consensus Economics. Both datasets contain exchange rate forecasts for the same 9 developed countries (Australia, Canada, Denmark, Japan, New Zealand, Norway, Sweden, Switzerland, and the U.K.) plus the Euro Area. In addition to 10 advanced economies, both datasets include the exchange rate forecasts for 23 emerging markets. The survey data cover the period from January 2004 to December 2012. This is the longest available sample period for all currencies and all forecast horizons in both datasets, which allows us to achieve comparability of the results between different forecast horizons, different currencies, and the two data providers.
We have excluded from the analysis some countries with tightly fixed exchange rates.
Following Frankel and Poonawala (2010) , we did not exclude currencies that have relatively stable exchange rates or operate under capital controls. Although some of the included currencies operate under de jure stabilizing arrangement relative to one currency or a basket of currencies, a sufficient amount of movement is allowed for all of the included currencies.
Monthly forecasts are the geometric mean of the individual responses, which minimizes the effect of extreme forecasts. 8 Unfortunately, individual forecasts of each respondent are not available, which makes it impossible for us to test for heterogeneity of forecasts and explore other 8 See Aiolfi et al. (2011) for an overview of the advantages of combining individual forecasts. characteristics of individual forecasters. Bonham and Cohen (2001) show that the use of consensus forecasts may lead to false acceptance of the unbiasedness hypothesis in the presence of heterogeneity. Therefore, in addition to the unbiasedness tests, we use two alternative rationality tests that are based on the orthogonality conditions to obtain more robust inference. Economics reports the level of the spot exchange rate on the date of the forecast, or a nowcast. We include 24-month ahead exchange rate forecasts, which are only available in Consensus Economics dataset, because previous studies have rarely considered forecasts beyond 12-month horizon.
In addition to Consensus Economics dataset, we use 3-and 12-month ahead forecasts of the same 33 currencies vis-à-vis the U.S. dollar from FX4Casts. Consensus Economics dataset provides a comprehensive coverage of developed and developing countries, and has not been extensively studied in the literature yet. However, the sample of its respondents includes business firms and academicians, who might not have strong incentives to provide accurate forecasts. To mitigate this issue, we include FX4Casts dataset that focuses exclusively on financial markets.
Although the dataset contains forecasts for other developing countries, we have restricted the sample to the countries that are common in both datasets. FX4Casts puts an emphasis on the reliability of their forecasts by surveying 45 large financial institutions. 10 The survey is usually conducted on the last Thursday of each month by email (or fax), with the responses being returned during Friday and the following Monday and Tuesday. As Consensus Economics, FX4Casts also provides the current level of the spot exchange rate. 9 Total number of survey respondents and the number of forecasters are taken from the Consensus Economics website: http://www.consensuseconomics.com/forex_major.htm. 10 Total number of participating institutions and respondents are taken from FX4Casts website: http://www.FX4Casts.com
Summary Statistics
We start by examining summary statistics of the actual depreciation, expected exchange rate depreciation, and forecast errors for 3-, 12-, and 24-month ahead forecasts in both datasets.
Tables 1 and 2 contain the mean and standard deviation of the actual and expected exchange rate depreciation of the foreign currency relative to the U.S. dollar. Table 3 reports the mean and standard deviation of the forecast errors. In all tables, Panel A reports the statistics for 10 developed countries, and Panel B provides the results for 23 developing countries. Overall, four main patterns are apparent from the results.
First, the absolute value of the mean of expected depreciation in Table 2 increases with the forecast horizon. This empirical finding is consistent with the results reported by Dominguez (1986), Froot (1987), and MacDonald and Torrance (1990) . The number of departures from this empirical regularity is larger for developed than for developing countries. Among the developing countries, only India exhibit a declining mean of expected depreciation at the 24-month horizon in Consensus Economics dataset and only Bolivia at the 12-month horizon in FX4Casts.
For developed countries, the pattern is violated for 4 out of 10 countries in Consensus Economics forecasts (for Japan, and the U.K. at the 12-month horizon, and for Norway and Switzerland at the 24-month horizon), and for 2 out of 10 countries in FX4Casts data (for Australia and Denmark at the 12-month horizon). Thus, the forecasters do not believe that the exchange rates follow a meanreverting process. If survey respondents believed in the validity of the hypothesis that the nominal exchange rate returns to its fundamental value within 24 months as in Mark (1995) , the absolute value of the mean of expected depreciation would decrease with the forecast horizon. The mean of actual depreciation in Table 1 also increases with the forecast horizon, supporting the forecasters' expectations. This result is consistent with the idea that it takes longer than 24 months for the exchange rate to display mean-reversion. For example, Mark (1995) , Engel, Mark, and West (2008) , and Ince (2014) find strong evidence of exchange rate predictability with conventional exchange rate models only at the 16-quarter horizon.
Second, the standard deviation of expected and actual depreciation in Tables 1 and 2 increases with the forecast horizon as well. For expected depreciation, this pattern is violated only for 24-month ahead forecasts from Consensus Economics for Mexico and Singapore. For actual depreciation, the exceptions are for Canada, Norway, Switzerland, Colombia, Peru, and Uruguay at the 24-month ahead forecast horizon. Third, both the absolute mean and standard deviation of the forecast errors reported in Table 3 increase with the forecast horizon. 11 This result is in accord with Dominguez (1986) , who finds that 1-week and 2-week ahead forecasts of major currencies have smaller standard deviations than 1-month and 3-month ahead forecasts. Similarly, Frankel and Froot (1987) report the same empirical finding for 3-, 6-, and 12-month ahead major currency expectations from the Economist survey.
Comparing Tables 1 and 2, we can see that in general the standard deviation of actual depreciation is larger than that of the expected depreciation, while the pattern for the absolute value of the mean actual depreciation is mixed. Frankel and Froot (1987) , Dominguez (1986) , and Cavaglia et al. (1993) report the same finding for the standard deviation, while they find smaller absolute mean in expected exchange rate changes.
To illustrate the differences in expectations between Consensus Economics and FX4Casts, we plot 3-and 12-month forecast errors for four selected developed and developing countries in 
Rationality of Survey-Based Expectations
Since Muth's (1961) seminal paper, many definitions and tests of rationality have been proposed. Two conventional tests of the rationality of survey-based expectations include testing for the unbiasedness and orthogonality of forecasts. The tests of unbiasedness involve testing whether the expected exchange rate is an unbiased predictor of the future spot rate. The orthogonality condition assumes that professional forecasters fully incorporate all the available 11 For the mean, the pattern is violated at the 12-month horizon for Bangladesh and Mexico, and at the 24-month horizon for Sweden, Argentina, India, and Indonesia. All the forecast errors at the 12-month horizon in both datasets have higher standard deviation than the forecast errors at the 3-month horizon. Exceptions are Australia, Canada, Denmark, Euro Area, New Zealand, Norway, Sweden, Switzerland, Chile, Colombia, Indonesia, Peru, Singapore, and Thailand at the 24-month horizon. All exceptions come from Consensus Economics survey. 12 We do not plot 24-month forecast errors from Consensus Economics, as they cannot be compared to their counterpart from FX4Casts. Although FX4Casts started collecting 24-month exchange rate forecasts in January 2008, we do not study them in this paper to prevent restricting the sample to only four years of data, two of which are dominated by the financial crisis of 2008-2009. information at the time when the forecasts are formed. Thus, the forecast error should be orthogonal to the variables in the information set of the forecasters.
Unbiasedness of Expectations
The unbiasedness of exchange rate expectations can be tested by regressing the actual exchange rate change on expected change,
where t s is the log of the U.S. dollar nominal exchange rate determined as the foreign price of unit of domestic currency, so that an increase in t s is the appreciation of the dollar, e in equation (1). We estimate equation (1) using OLS for h=3, 12, and 24 months with Consensus Economics data, and for h=3 and 12 months with FX4Casts data.
However, a rejection of the unbiasedness hypothesis does not necessarily imply that the exchange rate expectations are formed irrationally. As previous studies have shown, biased expectations can still be rational in the presence of the peso problem, adaptive learning, or heterogeneous expectations. Therefore, the finding that the expected exchange rate depreciation is a biased estimate of the actual depreciation does not constitute direct evidence of irrationality.
From the point of view of statistical inference, Bonham and Cohen (2001) demonstrate that when micro-homogeneity of expectations does not hold, the use of consensus forecasts may lead to false acceptance of the unbiasedness hypothesis. Unfortunately, we cannot test exchange rate forecasts for heterogeneity, because individual forecasts are not available in both datasets. Since the previous studies, such as Frankel and Froot (1987) , Ito (1990) , Takagi (1991) , Elliott and Ito (1999) , Bénassy-Quéré et al. (2003) , and Dreger and Stadtmann (2008) present overwhelming evidence of heterogeneity in exchange rate expectations, we further examine the rationality of forecasts with orthogonality tests. Table 4 reports the results of estimating equation (1) for 3-, 12-, and 24-month ahead forecasts from both datasets. Since the overlapping nature of the exchange rate expectations leads to serial correlation of order h-1 in the error terms of equation (1), the statistical significance of the estimated coefficients is determined based on the Newey-West standard errors. For each forecast horizon, we report the p-values for the joint null that 0 = α
. At the 3-month horizon, we find strong evidence against the unbiasedness hypothesis with both datasets. Using
Consensus Economics data, the joint null hypothesis of unbiasedness is rejected for all 10 developed countries, and for 19 out of 23 developing countries at least at the 10 percent significance level. Similarly, the joint null of unbiasedness is rejected for 9 out of 10 developed countries, and for 18 out of 24 developing countries in FX4Casts dataset.
As the forecast horizon increases to 12 months, the bias in the forecasts for developed countries' currencies decreases drastically. This finding is consistent with the results in Cavaglia et al. (1993) for 10 developed countries' currencies vis-à-vis the U.S. dollar from 1986 to 1990 at the 3-, 6-, and 12-month horizon. At the 12-month horizon, the joint null hypothesis of unbiasedness is rejected for 5 out of 10 developed countries (Australia, Canada, Japan, New
Zealand, and Switzerland) in Consensus Economics data, and for 3 out of 10 developed countries (Canada, Japan, and Switzerland) in FX4Casts data.
The bias in the forecasts for developing countries does not decrease with the forecast horizon. At the 12-month horizon, the joint null of unbiasedness is still rejected for 17 out of 23 developing countries in Consensus Economics data, and for 15 out of 23 developing countries in FX4Casts data. As we expand the forecast horizon to 24 months, the joint null hypothesis of unbiasedness is again rejected for all developed countries, except the U.K, and for 18 out of 23 developing countries.
Overall, the evidence of forecast rationality is stronger at the 12-month forecast horizon than at the 3-and 24-month horizon. Forecasts for both developed and developing countries are biased for most of countries at the 3-month horizon. As the forecast horizon increases to 12 months, the bias in the exchange rate forecasts sharply decreases for developed countries, but does not decline significantly for developing countries. This improvement in the biasedness of the forecasts for developed countries disappears at the 24-month horizon.
Orthogonality of Expectations
The second test of the rationality of exchange rate expectations is concerned with the efficient use of information available to market participants at the time they form their forecasts.
If professional forecasters fully incorporate the information that is available to them at the time they make their predictions, any variable that belongs to their information set should be orthogonal to the forecast error.
Orthogonality of Expectations to Lagged Forecast Errors
The first orthogonality test that we use involves regressing the forecast error on its lagged value:
If the forecast errors are orthogonal to previous period forecast errors, the null of rationality (or orthogonality) implies that 0 = α and 0 = β in equation (2). . At the 3-month ahead forecast horizon, we find strong evidence in favor of orthogonality of survey expectations for developed countries in both datasets. The evidence is mixed for developing countries. Using Consensus Economics data, the joint null hypothesis of orthogonality is rejected for 3 out of 10 developed countries (Australia, Canada, and New Zealand), and for 16 out of 23 developing countries at least at the 10 percent significance level.
Using FX4Casts data, the joint null of orthogonality is rejected for 1 out of 10 developed countries (Australia), and for only 2 out of 23 developing countries (Argentina and Brazil). While there is strong evidence in favor of orthogonality of the forecast errors for developed countries in both datasets, there is much more evidence in favor of orthogonality for developing countries in FX4Casts dataset than in Consensus Economics. Since the former dataset samples exclusively financial institutions, while the latter surveys a broader range of professionals, including academicians, the focus of FX4Casts on financial companies might explain why their forecasts tend to be relatively more efficient for developing countries at the shorter forecast horizon.
As we expand the forecast horizon to 12 months, the number of rejections of the orthogonality null increases dramatically for developed countries. At the 12-month horizon, the joint null hypothesis of orthogonality is rejected for 8 out of 10 developed countries in Consensus Economics, and for 9 out of 10 developed countries in FX4Casts. For developing countries, the joint null of orthogonality is now rejected for 13 out of 23 currencies in both datasets. Thus, we find stronger evidence of forecast efficiency for developed countries at the 3-month horizon than at the 12-month horizon with both datasets. However, the results are mixed for developing countries, with the 3-month ahead forecasts being more rational than 12-month forecasts in FX4Casts, and less rational than 12-month forecasts in Consensus Economics.
As we expand the forecast horizon further to 24 months, the number of rejections decreases for developed countries and increases for developing countries. The joint null hypothesis of orthogonality is rejected for 5 out of 10 developed countries (Australia, Canada, New Zealand, Sweden, and Switzerland), and for 19 out of 23 developing countries in Consensus Economics.
These results suggest that increasing the forecast horizon have a non-linear effect on the rationality of expectations across the forecast horizons, and that the forecasts for developed and developing countries behave differently.
Orthogonality of Expectations to Lagged Exchange Rate Changes
The second test for orthogonality involves regressing the forecast error on the lagged actual exchange rate depreciation:
If the forecast errors are orthogonal to lagged actual exchange rate changes, then the null of rationality (or orthogonality) implies that 0 = α and 0 = β in equation (3). As we expand the forecast horizon further to 24 months, the number of rejections of the orthogonality increases, which implies that the forecasts become less efficient than at the 12-month horizon. 13 At the 24-month horizon, the joint null hypothesis of orthogonality is rejected for 7 out of 10 developed countries (Australia, Canada, Denmark, the Euro Area, Japan, New Zealand, and Switzerland), and for 15 out of 23 developing countries with Consensus Economics. Thus, the results indicate that increasing the forecast horizon have a non-linear effect on the rationality of expectations across the forecast horizons, and that the forecasts for developed and developing countries follow a similar pattern.
Forecasting Performance of Survey-Based Expectations
In order to evaluate the forecasting performance of professional forecasters, it is necessary to choose a loss function that quantifies the cost associated with the forecast errors and to select an appropriate test statistic to conduct the statistical inference. We apply two evaluation methods to assess the forecasting ability of survey-based exchange rate forecasts. The first approach is based on the differences between the mean-squared prediction errors (MSPEs) of competing forecasts. The second method relies on the direction-of-change comparison, where the forecasts are evaluated based on their ability to correctly predict the direction of change in the exchange rates.
Tests Based on the MSPE Comparison
Since the seminal work of Meese and Rogoff (1983) , the mean-squared prediction error (MSPE) approach has become dominant in the exchange rate forecasting literature. Meese and Rogoff (1983) find that none of the empirical exchange rate models achieve lower root mean squared errors (RMSE) than a random walk, or a naïve no-change forecast. Their pessimistic finding has drawn substantial attention to the issue of exchange rate predictability. Multiple studies have assessed the forecasting performance of various candidate exchange rate models by using the random walk model as a benchmark. Summarizing the findings of rare studies that evaluate the accuracy of survey-based individual exchange rate forecasts, Jongen et al. (2008) conclude that "the random walk model remain pre-eminent." Among the two variants of the random walk benchmark, with and without the drift, the random walk without drift has been shown to be more difficult to outperform. Hence, in this paper we choose the driftless random walk as the benchmark model to evaluate the performance of survey forecasts. Rossi (2013) surveys the literature on exchange rate predictability, and discuss that the majority of studies in the exchange rate forecasting literature use either the Diebold and Mariano (1995) and West (1996) , or the Clark and West (2006) Table 7 reports the ratio of the MSPEs of survey forecasts to that of the random walk without drift and the DMW statistics for the test of equal forecasting ability. The MSPE Ratio below 1 indicates that the MSPE of survey forecasts is lower than that of the driftless random walk.
At the 3-month horizon, we find no evidence of forecasting ability for developed countries. For developing countries, we find weak evidence of forecasting ability for developing countries in both datasets, with FX4Casts expectations being more accurate than Consensus Economics. For developed countries, all the MSPE ratios are greater than one and the DMW statistics are insignificant, indicating that the forecasts from both datasets are not able to outperform the random walk model at the short horizon. Using Consensus Economics forecasts, the MSPEs for 4 out 23 developing countries are lower than MSPEs of the random walk, however the differences are significant based on the DMW statistic only for Argentina. There is slightly more evidence of forecasting ability in the short-run for developing countries in FX4Casts. The MSPE ratio is less than one for 7 out of 23 currencies, and the null of equal forecasting performance is rejected for 5 out of 23 currencies.
As the forecast horizon increases, the forecasting ability of survey forecasts improves for both groups of countries. At the 12-month horizon, the MSPE ratio is less than one for 7 out of 10 developed countries (Australia, Canada, Denmark, Euro Area, Norway, Sweden, and the U.K.) in both datasets. The forecasts significantly outperform the random walk based on the DMW statistics at least at the 10 percent significance level for 6 out of 10 developed countries (Canada, Denmark, Euro Area, Norway, Sweden, and the U.K.) in Consensus Economics, and for 4 out of 10 developed countries (Canada, Norway, Sweden, and the U.K.) in FX4Casts data. For developing countries, the MSPE ratio is less than one for 11 out of 23 currencies in Consensus Economics, and for 10 out of 23 developing countries in FX4Casts data. The forecasts significantly outperform the random walk null for 5 out of 23 currencies in Consensus Economics, and for 6 out of 23 developing countries in FX4Casts data.
At the 24-month horizon, the MSPE ratio is less than one for 6 out of 10 developed countries (Canada, Denmark, Euro Area, Norway, Sweden, and the U.K.), and for 11 out of 23 developing countries in Consensus Economics. Survey forecasts significantly outperform the driftless random walk at least at the 10 percent significance level for the same 6 out of 10 developed countries, and for 10 out of 23 developing countries.
Overall, two observations can be made from the results in Table 7 . First, the forecasting ability of survey forecasters increases with the forecast horizon. Second, survey forecasts are somewhat more accurate for developing than for developed countries at the short forecast horizon, especially in FX4Casts dataset. To further examine the forecasting power of survey expectations, we evaluate the performance of professional forecasters based on the test of directional accuracy.
Tests Based on the Directional Accuracy
To evaluate the directional accuracy of survey forecasts, we rely on the nonparametric test developed by Pesaran and Timmermann (1992) . The test statistic is based on the proportion of times that the direction of change in the exchange rate is correctly forecasted. Under the null, the actual and predicted values of the exchange rate change are independently distributed, so that the model have no ability to predict the sign of actual values. that the evidence of directional accuracy is weak at the 3-month ahead forecast horizon.
As the forecast horizon increases, the directional accuracy of survey forecasts improves for developed countries, and stays about the same for developing countries. At the 12-month ahead horizon, the proportion of forecasts with the correct sign is greater than 0.5 for 7 out of 10 developed countries (Canada, Denmark, Euro Area, Norway, Sweden, Switzerland, and the U.K.)
in Consensus Economics, and for 9 out of 10 developed countries (all countries except Japan) in
FX4Casts. The PT statistic is significant at least at the 10 percent level for 9 out of 10 developed countries (all countries except Japan) in Consensus Economics, and for 6 out of 10 developed countries (Canada, Denmark, Euro Area, Norway, Sweden, and the U.K.) in FX4Casts. For developing countries, the proportion of forecasts with the correct sign is greater than 0.5 for 12 out of 23 currencies in Consensus Economics, and for 16 out of 23 currencies in FX4Casts. The PT statistic is significant at least at the 10 percent level for 2 out of 23 developing countries in Consensus Economics, and for 3 out of 23 developing countries in FX4Casts.
At the 24-month horizon, the proportion of forecasts with the correct sign is greater than 0.5 for 8 out of 10 developed countries (all countries except Australia and Japan), and for 12 out of 23 developing countries in Consensus Economics. The PT statistic is significant at least at the 10 percent level for 7 out of 10 developed countries (Australia, Denmark, Euro Area, New Zealand, Norway, Sweden, and the U.K.), and for 3 out of 23 developing countries. Thus, the evidence of directional accuracy at the 24-month horizon is about the same as at the 12-month horizon for all currencies.
The Economic Value of Survey Forecasts
In addition to evaluating the performance of exchange rate forecasts with statistical measures, we apply two statistics to assess the economic value of survey expectations. First, we provide the Directional Value (DV) statistic developed by Blaskowitz and Herwartz (2011) that integrates the predicted direction of the exchange rate change with its magnitude:
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where DA is equal to 1, if the predicted sign is correct, and 0 otherwise, and h is the forecast horizon. While the PT test statistic examines the directional accuracy of survey forecasts and is robust to outlying forecasts, it disregards the magnitude of the realized directional movements. In contrast, the DV statistic measures the economic value of the forecasts by accounting for the size of the predicted directional movements.
Second, we report the Sharpe ratio, defined as the annualized excess return per unit of risk, to measure the risk-adjusted economic value of the forecasts. We use the buy and hold trading strategy provided in Gencay (1998) to calculate the annualized excess return of the forecasts.
Trading signals in the buy and hold strategy are based on the spot rate. A prediction of an increase in t s (appreciation of the dollar) is described as a buying signal, and a decrease in t s (depreciation of the dollar) is described as a selling signal. The investor buys/sells the investment currency, and holds it at least until the end of the forecast horizon. The Sharpe ratio (SR) is defined as follows: where xs is the excess return of the trading strategy and xs σ is the standard deviation of the excess return. Economics forecasts produce higher DV statistics than the forecasts from FX4casts for 5 out of 10 developed countries (Japan, New Zealand, Norway, Sweden, and Switzerland) and for 13 out of 23 developing countries. At the 24-month horizon, the DV statistics increase for 8 out of 10 developed countries (except for Japan and Switzerland), and for 13 out of 23 developing countries in Consensus Economics.
The benchmark for calculating the Sharpe ratios of the exchange rate forecasts is a zero return, meaning that investors do not take any position in the foreign exchange market. Therefore, the survey forecasts that have Sharpe ratios greater than 0 are considered to be successful. In contrast to the results with the DV statistics, FX4casts performs better relative to Consensus Economics at the 3-month horizon. Sharpe ratios are positive for 7 out of 10 developed countries and for 11 out of 23 developing countries in Consensus Economics, and for 8 out of 10 developed countries and for 16 out of 23 developing countries in FX4casts.
At the 12-month ahead horizon, the Sharpe ratios of Consensus Economics forecasts improve both for advanced and developing countries. Positive statistics are found for 8 out of 10 developed countries and for 14 out of 23 developing countries. However, the total number of positive Sharpe ratios in FX4Casts stays the same for developed countries (8 out of 10 countries), and slightly decreases for developing countries (15 out of 23 countries) in FX4casts. At the 24month horizon, the number of positive Sharpe ratios for developed countries does not change (8 out of 10 countries) but slightly decreases for developing countries (12 out of 23 countries) in Consensus Economics.
Summary of the Results
We have reported the results on rationality, predictive accuracy, and economic value for the two datasets of professional exchange rate forecasts that contain 33 currencies each. Table 10 reports the number of significant statistics for each dataset. Panel A summarizes the results for developed countries, Panel B contains the results for developing countries, and Panel C reports the results for all currencies in each dataset. The first three rows in each panel report the number of times the joint null hypothesis of unbiasedness or orthogonality is rejected at least at the 10 percent significance level. "Orthogonality Test 1" is the test for orthogonality of the forecast errors to the lagged forecast errors, and "Orthogonality Test 2" is the test for orthogonality of the forecast errors to the past exchange rate changes. Smaller number of rejections indicates stronger evidence for rationality of exchange rate expectations.
The next four rows summarize the results of the predictive accuracy tests: the number of MSPE ratios below 1, the number of significant DMW statistics, the number of proportions of correctly signed forecasts above 0.50, and the number of significant PT statistics (at least at the 10 percent significance level). The last row in each panel is the total number of countries in each group. Therefore, the maximum number of rejections would be 10 for the cells in Panel A, 23 for the cells in Panel B, and 33 for the cells in Panel C.
Overall, we find strong evidence against the unbiasedness of expectations at the 3-month ahead forecast horizon. As the forecast horizon increases to 12 months, the bias in the exchange rate forecasts sharply decreases for developed countries, while the forecast bias stays virtually the same for developing countries. At the 24-month horizon, the unbiasedness hypothesis is strongly rejected again for 9 out of 10 developed countries and 18 out of 23 developing countries.
The results of orthogonality tests are very different with Consensus Economics and
FX4Casts. Since the results are clearer for FX4Casts, we summarize them below. Based on both tests, we find strong evidence of forecast efficiency at the short forecast horizon. As the horizon increases to 12 months, we find strong evidence against the rationality of the forecast for developed countries and relatively weaker evidence against rationality for developing countries.
The predictive accuracy tests show that the forecasting ability of the forecasters increases with the forecast horizon. While there is no significant evidence of short-term predictability based on the DMW statistics for developed countries and weak evidence of predictability for developing countries, the evidence of forecasting accuracy is much stronger at the 12 and 24-month horizon.
While the forecasters are better at predicting the direction of change for developed countries, they are more successful at predicting the magnitude of exchange rate change for developing countries. 
Conclusions
We examine the rationality, predictive accuracy, and economic value of survey-based exchange rate forecasts for 10 developed and 23 developing countries in Consensus Economics and FX4Casts datasets from January 2004 to December 2012. For developing countries, the null of unbiasedness is strongly rejected at the 3-, 12-, and 24-month horizons. For developed countries, we find strong evidence that the forecasts are biased at the short horizon. The results indicate that increasing the forecast horizon has a non-linear effect on the unbiasedness of survey forecasts for developed countries. The forecast bias for developed countries sharply decreases at the 12-month horizon, but rises again at the 24-month horizon. Interestingly, professional forecasters in FX4Casts are very efficient at the short forecast horizon based on the two orthogonality criteria.
As the horizon increases to 12 months, the forecast efficiency is strongly rejected for developed countries, while the forecasts are relatively more efficient for developing countries.
Using the tests based on the MSPE and directional accuracy comparison, we find that the forecasting performance is stronger for developed countries. The evidence of forecasting ability is poor at the short horizon, which is consistent with Jongen et al. (2008) who summarize the studies that evaluate the accuracy of survey-based exchange rate forecasts and conclude that "the random walk model remains pre-eminent." The evidence of forecasting ability improves significantly at longer horizons. This result is in line with the empirical finding in Mark (1995) , Engel, Mark, and West (2008) , and Ince (2014) among others that the evidence of exchange rate predictability is stronger at longer forecast horizons.
We assess the economic value of the forecasts based on the Directional Value statistic developed by Blaskowitz and Herwartz (2011) A. Developed Countries Australia -0.29 0.000 *** 0.16 0.036 ** 1.99 *** 0.005 *** 0.61 0.469 1.94 *** 0.000 *** Canada -0.08 0.000 *** -0.11 0.001 *** 2.48 *** 0.000 *** 1.61 * 0.000 *** 1.92 *** 0.000 *** Denmark 0.15 0.029 ** -0.00 0.000 *** 1.35 *** 0.546 0.67 * 0.665 1.87 *** 0.000 *** Euro Area 0.14 0.026 ** 0.17 0.019 ** 1.36 *** 0.525 0.69 * 0.713 1.87 *** 0.000 *** Japan -0.10 0.000 *** -0.25 0.002 *** -0.30 0.000 *** -0.44 0.000 *** -0.12 0.000 *** New Zealand -0.15 0.000 *** -0.09 0.013 ** 1.61 * 0.002 *** 0.44 0.727 2.01 *** 0.000 *** Norway -0. -0.05 0.006 *** 0.06 0.006 *** -0.33 0.001 *** 0.38 0.039 ** -0.03 0.001 *** Paraguay 0.28 0.000 *** 0.19 0.193 1.23 ** 0.000 *** -0.75 0.000 *** 1.10 ** 0.000 *** Peru -0.60 ** 0.000 *** 0.03 0.007 *** -1.21 *** 0.000 *** -0.49 ** 0.000 *** -0.64 ** 0.000 *** Philippines 0.07 0.000 *** 0.32 0.132 -0.68 * 0.000 *** -0.10 0.000 *** -0.40 0.030 ** Singapore -0.15 0.000 *** -0.77 ** 0.000 *** -0.44 0.000 *** -0.37 0.001 *** -0.26 0.001 *** South Africa -0.02 0.000 *** 0.19 0.000 *** 0.68 0.629 0.86 0.979 1.05 * 0.739 South Korea 0.84 * 0.468 0.03 0.043 ** 1.52 *** 0.526 -0.09 0.476 1.48 ** 0.359 Taiwan -0.25 0.000 *** -0.76 * 0.000 *** 0.86 0.467 -0.37 0.007 *** 0.71 * 0.500 Thailand -0.13 0.000 *** -0.72 *** 0.000 *** -0.84 *** 0.000 *** 0.48 0.466 0.72 0.015 ** Uruguay 0.00 0.000 *** -0.97 * 0.000 *** 0.07 0.001 *** -1.58 *** 0.000 *** -0.10 0.000 *** Vietnam 0.23 0.110 0.51 0.018 ** -0.26 0.026 ** 0.44 0.466 -2.35 *** 0.000 *** Notes: The OLS estimates of the slope coefficient in Equation (1) are reported in column called β . Newey-West standard errors are used to determine the significance level. The column called F-stat reports the p-values for the joint null hypothesis that α=0 and β=1 in Equation (1). * , ** , and *** indicate significance at the 10, 5, and 1% significance level, respectively. The table reports the ratio of the proportion of forecasts that have correct sign (PCS) and the PT statistics for the test of directional accuracy of the forecasts. The PCS marked in bold indicates that more than half of the forecasts are successful at predicting the sign of the exchange rate change. Significant test statistics indicates rejection of the null of independence between actual and predicted exchange rate changes. * , ** , and *** indicate significance at the 10, 5, and 1% significance level, respectively. (-) denotes that the PT test statistics cannot be calculated for that specific currency. Notes: The table reports the means of the economic evaluation statistics for FX4Casts and Consensus Economics 3-12-, and 24-month forecasts. "DV" and "Sharpe Ratio" denote the means of the Directional Value and Sharpe ratio, respectively. The row "Sharpe Ratio > 0" reports the number of countries with Sharpe ratios greater than 0 in each group. Panel A reports the summary statistics for developing countries, Panel B for developing countries, and Panel C for all countries.
